In this double-blind placebo-controlled randomized trial, we compared the analgesic effect of preoperative 0.25% bupivacaine (n=21) skin infiltration with normal saline (n=19) in patients undergoing abdominal hysterectomy through a lower midline incision. All patients received postoperative patient-controlled analgesia with morphine and were followed for 72 hours. The main outcome measures were morphine consumption and pain score at rest, and the contribution of different components of pain was also assessed prospectively. No statistically significant differences were found. All except one patient (n=39) could distinguish the different characteristics of somatic and visceral pain. Visceral pain predominated in the first 48 hours. We concluded that local anaesthetic infiltration is not effective in reducing pain after abdominal hysterectomy. Effective postoperative analgesia should aim to eliminate the visceral pain component. FIGURE 4: The change of visceral and somatic pain with time. The percentage of patients with visceral pain as their major source of pain decreases with time, while the percentage of patients with somatic pain increases with time.
The use of wound infiltration with local anaesthesia for postoperative pain relief after abdominal surgery is attractive because of its simplicity, safety and low cost. This approach has been tested in a variety of surgical procedures. Beneficial effects, such as reduced postoperative pain and supplementary analgesic requirement, have been demonstrated in randomized controlled trials for inguinal hernia repair. However, the results are conflicting when infiltration is used in other abdominal operations 1 .
To date, five randomized controlled trials have evaluated the effect of local anaesthetic infiltration after abdominal hysterectomy [2] [3] [4] [5] [6] . Improvement in postoperative analgesia was demonstrated in two of the studies 2, 3 . However, the other three studies showed no beneficial effects [4] [5] [6] . Interpretation of these differences in results is difficult because of the small number of studies and the variability in study design and the techniques used for administration of local anaesthesia.
One explanation for a lack of beneficial effect is that pain arising from viscera and peritoneum may be of greater importance than somatic pain from the skin, subcutaneous tissue and muscle 1,6. However, this concept has never been studied. We performed this randomized placebo-controlled study to assess the effect of pre-incision skin infiltration on postoperative pain after abdominal hysterectomy and to assess the contribution of somatic and visceral components to the overall pain after surgery.
MATERIALS AND METHODS
The study was carried out after obtaining the approval of the Ethics Committee of Queen Mary Hospital. All the patients participated in the study voluntarily and had given their written informed consent. As the type of skin incision is likely to be an important confounding variable on postoperative pain, only those in whom elective abdominal hysterectomy by a lower midline incision was planned were included in the study. Lower midline abdominal incision was indicated when transverse incision was unlikely to provide adequate surgical exposure, such as with large uterine fibromyoma. Additional inclusion criteria included American Society of Anesthesiologists' physical status classification 1 or 2, age less than 70 years and no history of alcohol, drug abuse or chronic pain.
The principal investigator interviewed all patients during the preoperative visit one day before the surgery and obtained consent. All patients were educated about patient-controlled analgesia (PCA). Patients who could not understand the use of a PCA machine were not recruited into the study. Patients were randomly allocated inside the operating theatre to either the bupivacaine or normal saline group. The randomization schedule for allocation was produced as described by Meinert 7 . An operating theatre nurse prepared a solution of either 0.25% bupivacaine or normal saline according to the group allocation. The patient, surgeon, anaesthetist, theatre and ward nursing staff were blinded to the group allocation.
No premedication was given. After pre-oxygenation, general anaesthesia was induced intravenously with fentanyl 3 µg/kg, propofol 2 mg/kg and rocuronium 0.5 mg/kg. The patients were intubated and ventilated with a mixture of 66% N 2 O and 33% O 2 with varying inspiratory concentration of isoflurane (0 to 2%) according to depth of anaesthesia. Intermittent boluses of rocuronium were used for muscle relaxation. After the patient was anaesthetized, the surgeon marked the proposed skin incision. The principal investigator then infiltrated the site subcutaneously until an observable swelling was noticed over the whole marking. Skin incision was allowed 10 minutes after infiltration. The time of the operation, the volume of solution infiltrated and the length of the final skin wound were recorded.
Patients were given fentanyl 50 µg intravenously at the closure of peritoneum. The effect of muscle relaxant was reversed with neostigmine 2.5 mg and atropine 1.2 mg intravenously when the operation was completed and patients were extubated in the operating theatre. The time at which the patient arrived at the recovery room was regarded as zero. Patients were assessed by the anaesthetist to ensure that analgesia was optimal before a PCA device was made available (Graseby Model 3300). If pain control was inadequate, bolus doses of morphine 2 to 3 mg were given intravenously every five minutes by the anaesthetist until a subjective pain score of 3 or less was achieved. The PCA device was set to deliver a 1 mg morphine bolus with a five-minute lockout. The maximum hourly morphine dose was set at 0.1 mg/kg/h. Intravenous or intramuscular metoclopramide 10 mg was given at four-hour intervals whenever necessary for nausea and vomiting. Patients were observed for one hour in the recovery room before being returned to the ward. Morphine consumption over different time intervals was recorded, with both the recovery room boluses and the subsequent PCA doses included in the calculation of the cumulative morphine consumption.
We chose to use a 0 to 10 point verbal rating scale (VRS) to measure pain because it is simple, easy to administer and has been shown to correlate very well with visual analog scale 8, 9 . The VRS ranged from 0 (no pain at rest) to 10 (the worst pain imaginable). Pain scores at rest were recorded. We did not record pain scores on movement because we considered it difficult to standardize the extent of patient movement due to differences in body build and stage of recovery from the surgery.
In addition to pain scores, the location and character of pain were recorded. Visceral pain is dull, vague, diffuse and poorly localized and felt inside the abdominal cavity, while somatic pain is sharp, well defined and felt at the abdominal wall 10 . The patients were asked to judge whether visceral or somatic pain was the major source of pain. In addition, a 0 to 10 point scale for sedation (0=wide awake to 10=very drowsy) and nausea and vomiting (0=no nausea/ vomiting to 10=worst possible nausea/vomiting) were measured.
All measurements were recorded every five minutes for the first hour, hourly for the next seven hours and then four-hourly until 24 hours after the operation. The PCA was stopped 24 hours after the operation and patients were subsequently given oral Dologesic (combination of paracetamol 250 mg and dextropropoxyphene 65 mg). Patients were followed up at 24, 48 and 72 hours by the principal investigator and the pain scores, location and character of pain were recorded.
Power analysis was performed before the study. Assuming the morphine consumption in control is 30 mg at 6 h post-operation and the standard deviation of morphine consumption is 10 mg 4 , it would require 16 patients to detect a 10 mg reduction of morphine consumption with a power of 0.8.
The morphine consumption, the scores of VRS, sedation, nausea and vomiting at any given time were compared by the Student's t-test or Mann-Whitney U test using SPSS Version 7.5 for Windows. The character of pain was described as visceral, somatic or both. A log-linear model was constructed by analysing the change in these three categorical variables with time. A P value of less than 0.05 was regarded as statistically significant.
RESULTS
Forty-four patients were randomly allocated to either the bupivacaine group or a normal saline control group. Four patients were excluded from the study. One patient in the bupivacaine group and one patient in the control group were excluded immediately after surgery because unplanned bowel resection was performed. Another two patients in the control group were excluded in the recovery room because of a failed PCA device. Data analysis was confined to the 40 patients who completed the study. The two groups were comparable in terms of the patient characteristics, indication for surgery, presence of dysmenorrhoea before surgery, length of skin incision, uterine weight, duration of operation and the amount of solution infiltrated (Table 1) .
There was no statistically significant difference between the two groups in the resting VRS at different time intervals (Figure 1 ). In both groups, the severity of postoperative pain gradually improved with time. The VRS at 72 hours was significantly less than that at 48 hours (P=0.024) and similarly the VRS at 48 hours was significantly less than that at 24 hours (P=0.005). There was also no significant difference in morphine consumption between the groups, for both the bolus and for PCA doses at different time intervals ( Figure 2 ).
Although postoperative pain had multiple aetiologies, including sore throat, back pain and pain from urinary catheter, most postoperative pain arose from the abdomen. In this study, only one patient could not differentiate between visceral and somatic pain. At time 0 in both groups, about 60% of patients were pain-free and visceral pain was the major source of pain when present. At the end of the first hour, the majority of patients complained of visceral pain. The percentage of patients with visceral pain as their major source of pain decreased fairly rapidly with time after the first 24 hours and the percentage of patients who were pain-free increased with time ( Figure 3 ). This appeared to be a reciprocal relationship. Using a log-linear model, we found that visceral pain was predominant in the first 48 hours (P=0.007). The visceral pain was mild at time 0, but its severity rapidly increased to a peak level at 1 hour and then gradually decreased to minimal levels after 48 hours. There was no significant inter-group difference (P=0.356). As the number of patients with visceral pain decreased with time, the percentage of patients with somatic pain increased (P=0.018). This suggested a dominant effect of the more severe visceral pain over the milder somatic pain (Figure 4 ). Nausea and vomiting were common in the first 24 hours after surgery. Sixty-two per cent (13/21) of patients in the bupivacaine group and 68% (13/19) 
DISCUSSION
There are five published randomized controlled studies examining the effect of local anaesthetic infiltration of the abdominal wound on postoperative pain after abdominal hysterectomy 2-6 . The results from these trials conflict. A beneficial effect on postoperative pain scores and analgesic consumption was demonstrated in two studies 2,3 . In the other two studies, no beneficial effect was demonstrated following subcutaneous local anaesthetic infiltration 4, 5 . One group of investigators suggested that all layers of the abdominal wound should be infiltrated in order to achieve the beneficial effects 4 . We postulated that local anaesthetic infiltration before skin incision, instead of after surgery, would allow the drug to diffuse into deeper layers of tissues.
In this study, the two groups were comparable for patient characteristics, type and length of incision. An identical anaesthetic technique was used by one anaesthetist and the average duration of surgery was two hours in both groups. As the duration of action of bupivacaine infiltration can last up to 12 hours, it is unlikely that the local anaesthetic effect had worn off at the end of surgery. However, we did not find any advantage of skin infiltration prior to hysterectomy in terms of reduction of pain or postoperative morphine consumption.
Our study has a similar sample size to other published randomized trials [2] [3] [4] [5] [6] . Retrospective power analysis using the present data showed an 80% power of detecting, at a two-sided significance level of 5%, a difference of 4 mg in morphine consumption over 24 hours.
Our study was completed before one of the randomized trials was published 6 . In the latter, and in contrast to our study, the deep and superficial layers of the wound were infiltrated separately and surgery involved a different skin incision (Pfannenstiel incision) 6 . However, the other four studies either used both types of incision or did not mention the type of incision [2] [3] [4] [5] . Moreover, the length of wound was not measured in any study. Nevertheless, both our study and the recently published study 6 showed similar results, with no beneficial effect following local anaesthetic infiltration of the wound after abdominal hysterectomy.
Pain after abdominal hysterectomy has both visceral and somatic origins. The visceral component is from autonomic innervation of the parametrium, the upper vagina and the visceral peritoneum, while the somatic component is from lower thoracic and upper lumbar somatic nerves innervating the muscle, skin, fascia and other subcutaneous soft tissue 10 . Although local anaesthetic infiltration may be effective in reducing the somatic pain, the visceral pain is unlikely to be controlled.
Our analysis on the nature of postoperative pain explained why local anaesthetic infiltration is not effective, be it before or after skin incision, or administered subcutaneously or subfascially. Visceral pain was predominant and accounted for most of the pain experienced in the first 48 hours after abdominal hysterectomy. The more severe visceral pain had a masking effect on the less severe somatic pain. As the visceral pain decreased with time, patients started to complain about the somatic pain as the major source of pain. As expected, there was no inter-group difference.
The improvement in visceral pain after 48 to 72 hours may reflect faster healing of the peritoneum compared with skin and subcutaneous tissue. In an experimental study, a peritoneal defect would be entirely covered by a continuous sheet of mesothelium in three days after wounding 11 . We postulate that as the peritoneum started to heal, the visceral component became less dominant. We found that the majority of patients were pain-free at rest after three days and this coincides with the timing of peritoneal healing. This is in agreement with other studies of the time course of subjective pain rating after hysterectomy, in which all patients were pain-free after 96 hours [2] [3] [4] [5] [6] .
Compared with inguinal hernia repair, where local anaesthetic infiltration was found to be effective for postoperative pain relief 1 , hysterectomy involves more extensive pelvic peritoneal dissection. With the dominant somatic component of pain in inguinal hernia repair, the use of local anaesthetic infiltration has proven effective for postoperative pain relief. Indeed, inguinal hernia repair may be performed under local anaesthetic infiltration only 12, 13 .
There is also interest in the instillation of local anaesthetic solutions into the peritoneal cavity for treatment of pain after abdominal surgery. Theoretically, this approach should have a greater effect on visceral pain. However, in a randomized controlled trial, intraperitoneal administration of local anaesthetic failed to produce an analgesic effect in patients having abdominal hysterectomy 14 . This could be due to several reasons, including that local anaesthetic drug was absorbed rapidly from the peritoneal cavity into the systemic circulation 15 , that anatomic intraperitoneal flux redistributes the local anaesthetic away from the pelvis 16 , and that the visceral afferent nerves are finely myelinated or unmyelinated and retroperitoneal in location 17, 18 . Moreover, peripheral sensitization of visceral afferents may occur due to the release of pro-inflammatory substances, such as bradykinin, tachykinins, prostaglandins, serotonin, adenosine triphosphate and protons, at the site of injury 19 . New therapeutic agents targeting these mechanisms may prove useful in reducing postoperative pain. Future studies of analgesia after abdominal hysterectomy should analyse the components of pain, with a therapeutic approach aiming to reduce the visceral component of pain.
Both groups had a high incidence of postoperative nausea and vomiting (60 to 70%). This may be related to opioid analgesic use in the postoperative period. It may also be due to visceral pain, which is often associated with gut motor abnormalities that generate exaggerated intraluminal pressures 19 . If this is the case, this may partially explain the poor efficacy of antiemetics in reducing nausea and vomiting after abdominal hysterectomy 20, 21 . Further research would be required to clarify the role of visceral pain as a cause of nausea and vomiting after abdominal operations.
In conclusion, local anaesthetic infiltration of the skin is not effective in reducing postoperative pain after abdominal hysterectomy. The aim of effective postoperative analgesia is to eliminate both the visceral pain arising from the visceral peritoneum, and also the somatic pain arising from the wound. Any approach that fails to address visceral pain after hysterectomy is unlikely to be of high efficacy.
